Chapter 13, Problem 1.

For the three coupled coils in Fig. 13.72, calculate the total inductance.

2H
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o—2TI NE—2T——o0
6H 8H 10H

Figure 13.72
For Prob. 13.1.

Chapter 13, Solution 1.

Forcoill, Li—-Mp+Mpi=6-4+2=4

Forcoil2, L, —My;—Mpy=8-4-5=—1
Forcoil 3, L; + M3, — M3, =10+2-5= 7
Lr=4-1+7=10H
or Lr=L;+L,+L;—2M;; —2Mp; + 2M;;

Lr=6+8+10=10H

Chapter 13, Problem 2.

Determine the inductance of the three series-connected inductors of Fig. 13.73.
4H

6H 6H
SRR
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10H 12H 8H

Figure 13.73
For Prob. 13.2.

Chapter 13, Solution 2.
L=L,+L,+L;+2M;, —2My; 2M3,
=10+ 12 +8 + 2x6 — 2x6 —2x4
=22H
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Chapter 13, Problem 3.

Two coils connected in series-aiding fashion have a total inductance of 250 mH. When
connected in a series-opposing configuration, the coils have a total inductance of 150
mH. If the inductance of one coil (L;) is three times the other, find L,, L,, and M. What is
the coupling coefficient?

Chapter 13, Solution 3.

L,+L,+2M = 250 mH (D)
Li+L,—2M = 150 mH (2)
Adding (1) and (2),

2L, + 2L, = 400 mH
But, L] = 3L2,, or 8L2 + 400, and L2 = 50 mH
L, = 3L, = 150 mH

From (2), 150 + 50 —2M = 150 leadsto M = 25 mH

k = M/yJL|L, =25/4/50x150 = 0.2887
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Chapter 13, Problem 4.

(a) For the coupled coils in Fig. 13.74(a), show that
l—eq = L] + L2+ 2M

(b) For the coupled coils in Fig. 13.74(b), show that

_ Lle_M2
“T L+, -2M
L
o—— VI ——q o

(a) (b)

Figure 13.74
For Prob. 13 .4.
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Chapter 13, Solution 4.

(a) For the series connection shown in Figure (a), the current I enters each coil from
its dotted terminal. Therefore, the mutually induced voltages have the same sign as the
self-induced voltages. Thus,

Leq =L;+1L,+2M

Is;
I I
’—> Ly L,
Leq
® (b)
(b) For the parallel coil, consider Figure (b).
[ =L+ and Z, = VJI
Applying KVL to each branch gives,
Vs = joLI; +joMI, (1)
Vs = joMI,; +jo LI, )
or {V} ~ {ijl jwM}{Il}
V., joM  joL, | I,

A = —0’LiL, + @M% A} = joV(L,—M), A; = joVy(L; —M)
I] = Al/A, and Iz = Az/A

I =1L+L = (A +A)/A = jo(L; + L, - 2M)VyJ/( —o*(LL, — M?))
= (L, + L, - 2M)V{/( jo(LiL, — M?))

Zeq = Vs = jo(LiLy — M?)/(L; + Ly - 2M) = joLe

1e., Leg = (LiLy — M2)/(L; + L, — 2M)
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Chapter 13, Problem 5.

Two coils are mutually coupled, with L; =25 mH, L, = 60 mH, and k= 0.5. Calculate the
maximum possible equivalent inductance if:

(a) the two coils are connected in series

(b) the coils are connected in parallel

Chapter 13, Solution 5.

(a) If the coils are connected in series,
L=L, +L,+2M =25+60+2(0.5)4/25x60 = 123.7 mH
(b) If they are connected in parallel,

2 _ 2
_ LL,-M® 25x60-1936° o o
L, +L,-2M 25+60—2x19.36 EE—
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Chapter 13, Problem 6.

The coils in Fig. 13.75 have L, =40 mH, L, = 5 mH, and coupling coefficient k = 0.6.
Find i; (t) and v,(t), given that vi(t) = 10 cos @t and ix(t) =2 sin wt, @ =2000 rad/s.
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[ ]
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Figure 13.75
For Prob. 13.6.
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Chapter 13, Solution 6.

M =k./L,L, =0.61/40x5 =8.4853 mH

40mH ——  joL=j2000x40x10 = j80
SmH ——  jolL=j2000x5x10 = j10

8.4853mH ——  joM = j2000x8.4853x10 = j16.97
We analyze the circuit below.

16.77 Q
I] I2
_> 4_
+ o +
i80 O 10 Q
V] V2
‘ °

V, = j801, — j16.971, (1)
V, =-16.971, + jl01, )

But V,=10<0° and 1,=2<-90°=—j2. Substituting these in eq.(1) gives
V416971, 10+ j16.97x(—j2)
T j80

i (t) = 0.5493sin ot A

I =0.5493 < —90°

From (2),
V, =—-16.97x(-0.j5493) + j10X(—j2) =20+ j9.3216 = 22.0656 < 24.99°

v, (t) = 22.065 cos(wt + 25°) V

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 13, Problem 7.

x“:))
PS ML For the circuit in Fig. 13.76, find V.
i1Q ‘
20 10 —1‘1 Q

|
° +

12,/0° j6Q j4Q 1<V,

Figure 13.76
For Prob. 13.7.

Chapter 13, Solution 7.

We apply mesh analysis to the circuit as shown below.
i1Q
) -1 Q

20 /\
N\
.
+
12 QJ6Q J4Q I 1Q §VO
‘ . _

For mesh 1,

12=1,2+ j6)+ jl, (1)
For mesh 2,

0=jl,+2-jl+ jdl,

or
0=jl, +@2+ j3)l, )

In matrix form,

F(szT'ﬁ 2313}“1}

I,=-0.4381+ j0.3164

V, =Ix1 =540.5/144.16° mV.
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Chapter 13, Problem 8.

<
PS ML Find v(t) for the circuit in Fig. 13.77.

1H
4Q

2 cos 4t 2H 1H 20 < v(®

Figure 13.77
For Prob. 13.8.

Chapter 13, Solution 8.
2H ——  jolL=j4x2=j8
IH — jolL=j4xl=j4

Consider the circuit below.

4 A
/N
[ ] [ ] N
o | i 20
2 /0 q i8 i §V(t)
2= 4+ j8)I, - j4l, )
0=—j4l, +(2+ j4)l, 2)

In matrix form, these equations become
2 [4+)8 —j4 |1
o] | —-j4 2+j4]1,
Solving this leads to
I, =0.2353 —j0.0588
V =2I,=0.4851 <-14.04°

Thus,
v(t) =0.4851cos(4t —14.04°) V

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 13, Problem 9.

P
a

< H
PS ML Find V in the network shown in Fig. 13.78.

jlQ

2Q (\' 2Q

8,/30° V j4Q j4Q —j1Q = CD 2/0° A

Figure 13.78
For Prob. 13.9.

Chapter 13, Solution 9.

Consider the circuit below.

20 20 -j1
M\

M
O ()HE B O

For loop 1,
8/30° = 2+, —jl, (1)
For loop 2, (G4+2-ph—-j1+(=H2) =0
or I, = 3-j2)i,-2 2)
Substituting (2) into (1), 8£30°+(2+j4)2 = (14 +jN,

L = (10.928 +j12)/(14 +i7) = 1.037.221.12°

Vi= 2L, = 2.074£21.12°
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Chapter 13, Problem 10.

x‘:))
PS ML Find v, in the circuit of Fig. 13.79.
0.5H

24 cos 2t V 2H 2H v, = 05F

Figure 13.79
For Prob. 13.10.

Chapter 13, Solution 10.

2H ——  joL=j2x2=j4
05H ——  joL=j2x0.5=]

1 1 .
“F — I = =—
2 AwC j2x1/2 J

Consider the circuit below.

J
& A

[ ] [ J
J’_
0 j4 j4
24 20 q ! "L Y. 2

24=j4l, - I, (1)
O=—jl,+(j4-)pl, —— 0=-1+3l, (2)
In matrix form,

241 [j4 =i,
0] [-1 3|1,
Solving this,

|, =—j2.1818, V, =—jl,=-2.1818

0

Vo = —2.1818cos2t V
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Chapter 13, Problem 11.

3
ML Use mesh analysis to find ix in Fig. 13.80, where
is=4 cos(600t) A and Vvs= 110 cos(600t + 30°)

i, (D 200 Q % 1200 mH

Figure 13.80
For Prob. 13.11.

Chapter 13, Solution 11.

800MH ——  joL = j600x800x10 = j480
600mH ——  jwL= j600x600x10 = j360
1200mH ——  jowL = j600x1200x10 = j720

P LI — =-j138.89
JoC  600x12x10~
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After transforming the current source to a voltage source, we get the circuit shown below.

200 7480 -j138.89 150
VAYAVAY Y YN I I VaVAN
8
800 £ 02
I, } . L
j360 § j720 110 £ 30°
[ J

For mesh 1,

800 = (200+ j480+ j720)1, + j3601, — j720I,
or

800 = (200+ j1200)1, — j3601, (1)
For mesh 2,

110£30° + 150—138.89+720)I, + 3601, =0
or

—95.2628 — j55=—j3601, + (150 + j581.1)1, (2)
In matrix form,

800 [200+j1200  —j360 1,
—95.2628—j55| | —j360 150+ j581.1]| I,

Solving this using MATLAB leads to:
>>7 =[(200+12001),-3601;-3601,(150+581.11)]
7=

1.0e+003 *
0.2000 + 1.2000i 0 - 0.36001
0-0.36001 0.1500 + 0.58111
>>V =[800;(-95.26-551)]
V =
1.0e+002 *
8.0000
-0.9526 - 0.5500i
>> 1 =inv(Z)*V
1=
0.1390 - 0.7242i
0.0609 - 0.26901

k=I-1,=0.0781 —j0.4552 = 0.4619£-80.26".

Hence, 1, = 461.9c0s(600t—80.26°) mA.
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Chapter 13, Problem 12.

Determine the equivalent Leq in the circuit of Fig. 13.81.

4H
2H
o AI1R
Leg °
- 6 H 8H 10H

O

Figure 13.81
For Prob. 13.12.

Chapter 13, Solution 12.

Let w=1. 74
-

i2
+ i6 i8 i10
1v<>
_ I, L
[ ]

Applying KVL to the loops,

1= j8l, + j4l, (1)

0= j41, + j18I, )

Solving (1) and (2) gives I, =-j0.1406. Thus
1. 1

Z=—=jL, —> L,=—=7111H

I eq eq
1

I,

We can also use the equivalent T-section for the transform to find the equivalent
inductance.
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Chapter 13, Problem 13.

& »

PS ML For the circuit in Fig. 13.82, determine the impedance seen by the source.

j2Q
40 (’\' 40

R == —j1Q
16£0° jsQ js5Q
. 20

Figure 13.82
For Prob. 13.13.
Chapter 13, Solution 13.

Zin =4+j(2+5) b 4t - 4308465380

15+4-3+52 4+ 6
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Chapter 13, Problem 14.

Obtain the Thevenin equivalent circuit for the circuit in Fig. 13.83 at terminals a-b.
2Q

1090° V

Figure 13.83
For Prob. 13.14.

Chapter 13, Solution 14.

To obtain Vry,, convert the current source to a voltage source as shown below.

j2

50 60 * X isq .30 20

MA—T100——0000———¢ A

Note that the two coils are connected series aiding.

oL = oL, + oL, —20oM

joL = j6+j8—j4 = j10
Thus, —510+ (5 +j10-13+2)I+8 =0

I = (=8+j10)/(7+;7)
But, 10+ (S +j6)—j2[+ V, = 0
Vi = j10—=(5+j4)I = j10 — (5 +j4) (8 +j10)/(7 +j7)
V1 = 5.349/34.11°
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To obtain Zr,, we set all the sources to zero and insert a 1-A current source at the terminals
a—b as shown below.

j2

50 60 ¥ X 50 .30 20

AN— T 0000 ¢ A

® v

Clearly, we now have only a super mesh to analyze.

G+i6) — 2L+ (2 +j8 — 3L —j2I, = 0

G+ +2+3)L, =0 (D
But, Iz—Il =1 or Iz = Il—l (2)
Substituting (2) into (1), 5+ +2+3)(1+1) = 0

I = -2 +j3)(7+]j7)
Now, ((5+j6), -2I; +V, = 0
Vo = -5+ = G+iHR+i3)NT+iT) = (-2+]23)(7+]j7) = 2.332£50°

Zm = Vo/1 = 2.332/50° ohms
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Chapter 13, Problem 15.

Find the Norton equivalent for the circuit in Fig. 13.84 at terminals a-b.

jiQ

20
8Q J‘ Y
[ ] [ ]

80,0°V j4Q Jj6Q =20

Figure 13.84
For Prob. 13.15.
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Chapter 13, Solution 15.

To obtain Iy, short-circuit a—b as shown in Figure (a).

20 Q j20 Q a 20 Q j20 Q a
MA '()UUU% MA '()UUU%
is is
i10
n ; n
@, e |y, @,
v

[ J [ J
b b

For mesh 1, (@) (®)

60230° = (20 +j10)L; + j5I, — 101,

or 12230° = (4 +j2)I; —jlI, (1)
For mesh 2,
0 = (G20 +j10)I, +j51; —j10I,
or I = 6D, (2)
Substituting (2) into (1), 12/30° = (24 +j1D),

Iy = L = 12£30°24 +j11) = 1.404.£9.44° A

To find Zx, we set all the sources to zero and insert a 1-volt voltage source at the a—b
terminals as shown in Figure (b).

For mesh 1, 1 = I,(j10 +j20 — j5x2) + j51, — j 101,
1 = j20I, —j51, (3)
For mesh 2, 0 = (20 +j10)I, +j5I; —j10I; or (4+j2)L—jI;=0
or I, =ili/(4+j2) 4)
Substituting (4) into (3), 1 = j20L, — j(G5L/(4 +j2) = (1 +]j19.5)]

I = 1/(-1+j20.5)

Zn = 1/I) = (1 +j19.5) ohms
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Chapter 13, Problem 16.

& ))

» 3
PS ML Obtain the Norton equivalent at terminals a-b of the circuit in Fig. 13.85.

JjQ
—j2Q
8Q ]‘ m
L] L]

80,0°V j4Q j6Q 220
b

O

Figure 13.85
For Prob. 13.16.
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Chapter 13, Solution 16.
To find Iy, we short-circuit a-b.
1Q

30 e N

| |
| a
[ ] [ ]
+ 40 6Q D l In
80.0° V() I,
_ |

—80+(B—j2+ jMl, —jl, =0 ——  (8+j2)l,—jl, =80 (1)
jol,—jl, =0 —— 1,=6l, 2)

Solving (1) and (2) leads to

I =1, =— 50 | 584 j0.362=1.6246/—1291° A
43+ 11

To find Zy, insert a 1-A current source at terminals a-b. Transforming the current source
to voltage source gives the circuit below.

iQ
8Q 20 V/‘\' 20
| | 0 VAN
|
o o +
j4Q j6 Q) I 2V
- O
b
. . jl,
0=+ j2)I, —jl |, =—2— 3
@+l -j, — T 3)
2+(2+j6)l, —jl, =0 4)

Solving (3) and (4) leads to I, =-0.1055 +j0.2975, Va=-j61, =1.7853 +0.6332

\%
Zy = ;‘b —1.894.19.53°Q
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Chapter 13, Problem 17.

H .
ML In the circuit of Fig. 13.86, Z| is a 15-mH inductor having an impedance of j40 Q.
Determine Z;, when k = 0.6.

k
10 Q 60 Q

12 mH 30 mH V43

O

Figure 13.86
For Prob. 13.17.

Chapter 13, Solution 17.

joL=j40 — o=20__2%0 _ 2667 radss
L 15x10°

M =kyLL, =0.6v12x10°x30x10™ = 11.384 mH

If 15 mH — 400
Then 12mH — 320
30 mH —» 80Q

11384 mH—» 3036 Q

The circuit becomes that shown below.

10O j30.36 Q 60 O
YAYAVA
[ ]
j32Q i80 Q
[ ]
‘ Z;=j40Q
2242 2
Zi, = 10+j32+& =10+ ;32 +w =13.073 + j25.86 Q.
780+ 60 + j40 60+ j120
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Chapter 13, Problem 18.

P
o

< 3
PS ML Find the Thevenin equivalent to the left of the load Z in the circuit of

Fig. 13.87.
k=05
—j4Q v/\v j2Q
jsQ
120 A0° V z

Figure 13.87
For Prob. 13.18.
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Chapter 13, Solution 18.
Let ®=1. L, =5L,=20,M =k,/L,L, =0.5x10=5

We replace the transformer by its equivalent T-section.
L,=L -(-M)=5+5=10, L,=L+M=20+5=25 L =-M=-5

We find Zr, using the circuit below.

-4 j10 i25 i2
| Y Y N Y
—— s
—ZTh
4+j6
Zen = J27+(4+ ) 1(j6) = j27+@:2.215+ j29.120

We find V1, by looking at the circuit below.

-14 j10 j25 jJ2
[ YL Y Y N
_l_
I
_|_
Vi
120<0°
4+i6 ;
Vy, ) 120y =61.37,-4622° V
4+ ]+ )6
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Chapter 13, Problem 19.

Determine an equivalent T-section that can be used to replace the transformer in
Fig. 13.88.

j25Q
Il 12
O m O
+ ° +
v, 740 Q Jj30Q v,
[ ]
o o

Figure 13.88
For Prob. 13.19.

Chapter 13, Solution 19.

Let w=1. L,=L -(-M)=40+25=65H
L,=L,+M=30+25=55H, L.=-M=-25

Thus, the T-section is as shown below.

650 i55Q
Y YO

L 50
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Chapter 13, Problem 20.

1“:))
PS ML Determine currents Iy, I, and I5 in the circuit of Fig. 13.89. Find the energy
stored in the coupled coils at t =2 ms. Take @ = 1,000 rad/s.

k=05
I m
S, R 8Q
A
j10Q l13 j10Q *Iz
3,/90° A CD §4Q L _j50 20,/0° V

Figure 13.89
For Prob. 13.20.

Chapter 13, Solution 20.

Transform the current source to a voltage source as shown below.

k=0.5

k =M/{LL, or M =k,L,L,

oM = kJoL,oL, = 0.5(10) = 5
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Formesh 1,  jI2 = (4+j10—j5)I, +j5L +j5L, = (4 +j5)I, +j10L (1)

For mesh 2, 0 =20+ (8+j10—j5)I, +j5I;, +j51;
—20 = +10I; + (8 +j5)I, 2)
j12 4+35 +310 | I,
From (1) and (2), = ) .
20 +310 8+35| 1,

A = 107+j60, A, = —-60—296, A, = 40—-;100

I = A/VA = 2.462/72.18° A

L = AJ/A = 0.8784-97.48° A

L=15L-L = 3.329474.89° A

i; = 2.462 cos(1000t + 72.18°) A

i, = 0.878 cos(1000t — 97.48°) A
At t = 2ms, 1000t = 2rad = 114.6°
i; = 0.9736co0s(114.6° + 143.09°) = —2.445
i, = 2.53co0s(114.6° + 153.61°) = —0.8391
The total energy stored in the coupled coils is
w = 0.5Lyi;* + 0.5Lsi,” — Mijis
Since wL; = 10 and ® = 1000, L; = L, = 10mH, M = 0.5L; = 5mH

w = 0.5(10)(-2.445)> + 0.5(10)(—0.8391)* — 5(-2.445)(~0.8391)

w = 43.67mJ
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Chapter 13, Problem 21.

<
PS ML Find I, and I in the circuit of Fig. 13.90. Calculate the power absorbed by the
4-Q) resistor.

¢ 40
50 -
Y i
[ ] [ ]
j6Q 3o
36300V (7) @ @ §4Q
20

Figure 13.90
For Prob. 13.21.

Chapter 13, Solution 21.

For mesh 1, 36£30° = (7+j6)I; - (2 +))» (1)
For mesh 2, 0=(@06+]3—HL-2I—jI;, = 2+)HL +(6—-))L (2)
. . . 36£30° 7+j6 —-2-3|]
Placing (1) and (2) into matrix form, = ) )
0 -2—-j 6-j |1,

A = 45+3j25 = 51.48£29.05°, A, = (6—-])36£30° = 219£20.54°

Ay =(2+]))36£30°=80.5£56.57°, 1) = A1/A=4.254£-8.51° A , L = A)/A=
1.5637£27.52° A

Power absorbed by the 4-ohm resistor,

= 0.5()*4 = 2(1.5637)* = 4.89 watts
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Chapter 13, Problem 22.

* Find current I, in the circuit of Fig. 13.91.

-j50Q I
I —

Il
j20Q

IR
j10 Q‘\, </,"3OQ

50,0° vV Ci) 780Q §

Figure 13.91
For Prob. 13.22.

* An asterisk indicates a challenging problem.
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Chapter 13, Solution 22.

With more complex mutually coupled circuits, it may be easier to show the effects of the
coupling as sources in terms of currents that enter or leave the dot side of the coil. Figure
13.85 then becomes,

a . IX
Q j301, j201,
j301,

_ I; = I,
I

Note the following,
Ia = Il 713
Ib = 12—11
Ic = 13712
and [, =1

Now all we need to do is to write the mesh equations and to solve for L.
Loop # 1,
-50 +j20(I3 - 1) j 40(I; — I3) + j10(I> — I,) — j30(I3 — L) + j80(I; — 1) — j10(1; — I3) = 0
j1001; — j60I, — j40Is =50

Multiplying everything by (1/j10) yields 10I; — 61, — 413 = -j5 (1)
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Loop # 2,

JlO(Il — 13) +j80(12—11) +j30(13—12) —J30(Iz — 11) +_]60(Iz — 13) —_]20(11 — 13) + 100, =
0

-1601; + (100 + ;80)I, —j20I; =0 (2)
Loop # 3,
15015 +520(1; —1I3) +j60(15 —I) +330(I, 1) —10(I; —I;) +j40(15 —1;) —20(15 —1,) = 0

401, — 201, +j10I; = 0

Multiplying by (1/j10) yields, -4, -2L, +13=0 3)
Multiplying (2) by (1/j20) yields -31; + (4 —j5),—13=0 4)
Multiplying (3) by (1/4) yields  -I; —0.51, — 0.25I5=0 (5)
Multiplying (4) by (-1/3) yields 1) — ((4/3) —j(5/3))L, + (1/3)I3 = -j0.5 (7)
Multiplying [(6)+(5)] by 12 yields (22 +320)[, + 713=0 (8)
Multiplying [(5)+(7)] by 20 yields -221, - 313 =-j10 9)

(8) leads to I = -713/(-22 +j20) = 0.2355242.3° = (0.17418+j0.15849)I; (10)
(9) leads to I = (j10 — 221,)/3, substituting (1) into this equation produces,
I5=33.333 + (-1.2273 —j1.1623)1;

or I;=1,=1.3040£63° amp.
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Chapter 13, Problem 23.

<
PS ML [fM=0.2 Hand vs=12 cos 10t V in the circuit of Fig. 13.92, find i; and i,
Calculate the energy stored in the coupled coils at t = 15 ms.

M
— o ° —
AR AR
0.5H 1H

v, @) —= 25mF 50

Figure 13.92
For Prob. 13.23.
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Chapter 13, Solution 23.
o =10

0.5 H converts to joL; = j5 ohms
1 H converts to joL, = j10 ohms
0.2 H converts to joM = j2 ohms

25 mF converts to 1/(joC) = 1/(10x25x107) = —j4 ohms
The frequency-domain equivalent circuit is shown below.

i2
i5 »/J_\ j10
D) T

CJ_F I -4 I §

For mesh 1, 12 = (G5 -4, + 2L, — (H4)L,
—j12 = I, +6l, @8
For mesh 2, 0 = (5+j10L + 2L -],
0 = (5+j10)L, +j6I, 2)
From (1), I, = 4l12-61,

Substituting this into (2) produces,
I, = 72/(-5+j26) = 2.7194/-100.89°

I, = 412-61, = -j12-163.17£4-100.89 = 5.068.£52.54°
Hence,
11 = 5.068cos(10t +52.54°) A, 1, = 2.719cos(10t — 100.89°) A.

At t = 15ms, 10t = 10x15x10™ 0.15rad = 8.59°
1 = 5.068co0s(61.13°) = 2.446
i, = 2.719c0s(-92.3°) = —0.1089

w = 0.5(5)(2.446)> + 0.5(1)(~0.1089)> — (0.2)(2.446)(~0.1089) = 15.02J
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Chapter 13, Problem 24.

< R
PS ML In the circuit of Fig. 13.93,
(a) find the coupling coefficient,

(b) calculate vy,

(c) determine the energy stored in the coupled inductors at t =2 s.

2Q

12 cos 4t V 4H

Figure 13.93
For Prob. 13.24.

Chapter 13, Solution 24.

(a)
(b)

k = M/JLL, = 1/A/4x2 = 0.3535

o =4

1/4 F leads to 1/(joC) = —j/(4x0.25) = -
1) = =/ -j) = 0.5(1-})

1 H produces joM = j4

4 H produces j16

2 H becomes j8

j4

20 )

MV
o i8
C* @ E% I 0.5(1-j)
= j16 A
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12 = 2+jl6)I; +j4L
or 6 = (1+;8)I; +j2I, (1)
0 = (j8+0.5-j0.5)I,+j41; or I = (0.5+j7.5)L/(—4) (2)
Substituting (2) into (1),
24 = (-11.5-j51.9)I, or I, = —24/(11.5 +j51.5) = —0.455/-77.41°
Vo = 1L(0.5)(1 —j) = 0.3217£57.59°

Vo = 321.7cos(4t + 57.6°) mV

(c) From (2), I = (0.5 +j7.5L/(—j4) = 0.855/-81.21°
i; = 0.885cos(4t—81.21°) A, 1, = —0.455cos(4t—77.41°) A
Att = 2s,
4t = 8rad = 98.37°
i; = 0.885c0s(98.37° - 81.21°) = 0.8169
i, = —0.455¢0s8(98.37° —77.41°) = —0.4249
w = 0.5L1i12 + 0.5L2i22 + Miji,

= 0.5(4)(0.8169)* + 0.5(2)(—4249)> + (1)(0.1869)(~0.4249) = 1.168 J
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Chapter 13, Problem 25.

< 3
PS ML For the network in Fig. 13.94, find Zap and 1.

) k=0.5
b 4Q 4 1Q m 3Q
05F
L] [ ]
12sin 2t V 1H 1H 2H
2Q

Figure 13.94
For Prob. 13.25.
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Chapter 13, Solution 25.
m = k,L,L, =05H
We transform the circuit to frequency domain as shown below.
12sin2t converts to 1220°, o = 2
0.5 F convertsto 1/joC) = -

2 H becomes joL = j4

i1
I 49 10 30
Wy Wy

A
J1

Applying the concept of reflected impedance,
Zap = Q=PI +j2+(1)YG2+3 +j4))
= (2-)I(1 +j2 + (3/45) — j6/45)
= (2-)I(1 +j2 + (3/45) — j6/45)
= (2-))I(1.0667 + j1.8667)
=(2 —j)(1.0667 +j1.8667)/(3.0667 +j0.8667) = 1.5085..17.9° ohms
I, = 12£0°/(Zy +4) = 12/(5.4355 +j0.4636) = 2.2/-4.88°

i, = 2.2sin(2t—4.88°) A
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Chapter 13, Problem 26.

& ))

PS ML Find I, in the circuit of Fig. 13.95. Switch the dot on the winding on the right
and calculate I, again.

-j30 Q 1,
I —
[ ] [ ]
4/60° A 50Q  j20Q 740 Q 10Q

Figure 13.95
For Prob. 13.26.
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Chapter 13, Solution 26.

M = k,LL,
oM = koL oL, = 0.61/20x40 = 17

The frequency-domain equivalent circuit is shown below.
j17

50 Q -j30

W s

Formesh 1, 200£60° = (50 —j30 +j20)I, +j17L, = (50 —j10)I, +j17L (1)

For mesh 2, 0= (10 +3j40)I, +j17I, (2)

In matrix form,
200£60°| |50-310 j17 I,
0 | | jl17 10+j40]1,
A =900 +j100, A; = 2000£60°(1 +j4) = 8246.2/136°, A, = 3400/-30°
I, = AJJA = 3.755/-36.34°

I, =1, = 3.7554-36.34° A

Switching the dot on the winding on the right only reverses the direction of I,. This can
be seen by looking at the resulting value of A, which now becomes 3400£150°. Thus,

I, = 3.7554143.66° A
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Chapter 13, Problem 27.

S »

PS ML Find the average power delivered to the 50-Q resistor in the circuit of

Fig. 13.96.
10Q
0.5H
8Q
AV
40c0320tVﬁ> 1H 2H
Figure 13.96

For Prob. 13.27.
Chapter 13, Solution 27.
IH — joL=j20

2H ——  joL=j40
0.5H ——  joL=jl0

50 Q

We apply mesh analysis to the circuit as shown below.

10 Q3
VAVAVAN
10 Q2 Iz
& TS
® [ ]
a0 .

8 Q
AVAVA
+
40 £ 0° 3 I j20Q

§ 50Q
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To make the problem easier to solve, let us have I; flow around the outside loop as
shown.

For mesh 1,

(8+j20)1; —j10I, = 40 (1)
For mesh 2,

—10I; + (50+j40)I, + 50I; =0 (2)
For mesh 3,

—40 + 501, + 60I; =0 3)

In matrix form, (1) to (3) become

8+j20 —jlo 0 40
—ijl0 50+j40 50|I=| 0
0 50 60 0

>> 7=[(8+20i),-10i,0;-10i,(50+40i),50;0,50,60]
Z =
8.0000 +20.0000i  0-10.0000i 0
0-10.0000i 50.0000 +40.0000i 50.0000
0 50.0000 60.0000

>> V=[40,0;0]
V =
40
0
0
>> [=inv(Z2)*V
I=
0.8896 - 1.8427i
0.3051 - 0.3971i
-0.2543 + 0.3309i

Solving this leads to Iso =1, + I3 =0.0508 —j0.0662 = 0.08345.£-52.5° or I5orms =
0.08345/1.4142 = 0.059.
The power delivered to the 50-Q2 resistor is

P = (Isorms) R = (0.059)*50 = 174.05 mW.
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Chapter 13, Problem 28.

ML In the circuit of Fig. 13.97, find the value of X that will give maximum power
transfer to the 20-Q load.

j10Q
g X
lLr
Af

j120 j15Q 220Q

Figure 13.97
For Prob. 13.28.
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Chapter 13, Solution 28.

We find Z1, by replacing the 20-ohm load with a unit source as shown below.

80 X

[ ] [ ]
i12o leQB <>+1v

I
For mesh 1, 0=8- X+ j12)I, — j10I, (1)
For mesh 2,
1+ j151,—jiol, =0 —— I, =1.51,-0.1j (2)

Substituting (2) into (1) leads to
~ —1.2+j0.8+0.1X

12+ j8-jl.5X

1 12+ j8—jl1.5X
~1, 12-j0.8-0.1X

ZTh =

J122 +(8—-1.5X)’
JA2-0.1X)* +0.8>

| Z,, |=20= 0=1.75X"+72X —624

v

Solving the quadratic equation yields X = 6.425
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Chapter 13, Problem 29.

In the circuit of Fig. 13.98, find the value of the coupling coefficient k that will make the
10-Q resistor dissipate 320 W. For this value of k, find the energy stored in the coupled
coilsatt=1.5s.

k
10 Q

165 cos 103 V 30 mH 50 mH 20Q

Figure 13.98
For Prob. 13.29.

Chapter 13, Solution 29.
30 mH becomes joL = j30x107x10° = j30

50 mH becomes j50
Let X = oM

Using the concept of reflected impedance,

Zin = 10+330 + X*/(20 + j50)

I = V/Ziy = 165/(10 +j30 + X*/(20 + j50))

p = 0.5,/A(10) = 320 leadsto [I]* = 64 or|l}| = 8

8 = |165(20 + j50)/(X> + (10 + 30)(20 + j50))

1165(20 +j50)/(X* — 1300 + j1100)|

or 64 = 27225(400 + 2500)/((X> — 1300)> + 1,210,000)

(X? - 1300)* + 1,210,000 = 1,233,633
X = 33.86 or 38.13
If X = 38.127 = oM

M = 38.127 mH
k = M//L,L, = 38.127/4/30x50 = 0.984
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165 = (10 +330)I; —j38.1271, (1)
0 = (20 +350)I, —338.1271; (2)
. 165 10+ 330 —j38.127 | I,
In matrix form, = ) ]
0 —338.127 20+ j50 | I,

A = 154 +j1100 = 1110.73.£82.03°, A, = 888.5268.2°, A, = 6291
I, = AVA = 8/-13.81°, I, = Ay/A = 5.664.7.97°
i = 8cos(1000t — 13.83°), i, = 5.664cos(1000t + 7.97°)
At t = 1.5ms, 1000t = 1.5rad = 85.94°
i = 8c0s(85.94° — 13.83°) = 2.457
i, = 5.664c05(85.94° +7.97°) = —0.3862
w = 0.5Lyi;* + 0.5L,i,” + Mi,is
= 0.5(30)(2.547)* + 0.5(50)(-0.3862)* — 38.127(2.547)(—0.3862)

= 130.51 mJ
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Chapter 13, Problem 30.

(a) Find the input impedance of the circuit in Fig. 13.99 using the concept of reflected
impedance.
(b) Obtain the input impedance by replacing the linear transformer by its T equivalent.

j10Q

j40Q 250

Figure 13.99

For Prob. 13.30.

Chapter 13, Solution 30.

(a) Zin = j40 + 25 +j30 + (10)*/(8 +j20 — j6)

= 25470 + 100/(8 +j14) = (28.08 + j64.62) ohms

(b) joL, = j30—j10 = j20, joL, = j20—j10 = j10, joL. = j10

Thus the Thevenin Equivalent of the linear transformer is shown below.

j40 250  j20 j10 8O
—0000—"W\——0000——0000—"\W\—

I_' le -~ _J6

Zin = j40 +25+720 +10][(8 + j4) = 25 +j60 + 108 + j4)/(8 + j14)

= (28.08 +j64.62) ohms
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Chapter 13, Problem 31.

For the circuit in Fig. 13.100, find:

(a) the T-equivalent circuit,
(b) the IT-equivalent circuit.

SH

Figure 13.100
For Prob. 13.31.

Chapter 13, Solution 31.

(a) L.=L-M=10H
L, =L,-M=15H
L.=M=5H

(b) LiL,—M? = 300-25 = 275

La =(LL, - MY)/L, - M) = 275/15 = 18.33 H

L =(LiL, - MY)/(L, - M) = 275/10 = 27.5H

Lc =(LiL,—M*/M = 275/5 = 55H
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Chapter 13, Problem 32.

* Two linear transformers are cascaded as shown in Fig. 13.101. Show that
o’R(L.+L,L, —M;
+jer (Ll +LE - LM ~ LM
" @ (LL+ L - M) - jeR(L, + L)

Figure 13.101
For Prob. 13.32.

* An asterisk indicates a challenging problem.
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Chapter 13, Solution 32.

We first find Z;, for the second stage using the concept of reflected impedance.

— =

Zi’ = joLy + ©*MpY/(R + joLy) = (joLyR - 0*Ly> + @*Mp2)/(R + joLy) (1)

For the first stage, we have the circuit below.

I—»

Zin = joL, + 0*M/(joL, + Zin)
= (~0’Ly + M, + joL.Zin)/(joL, + Zin) )
Substituting (1) into (2) gives,

(joL,R —’L} + ®’M;)
R+ joL,

joL, R —o’L} + o’M;

R +joL,

~o’L? +o’M: + joL,

JoL, +

~Ro’L,> + ®*M,’R — jo’LyL, + jo’LyM,” + joLa(joLsR — 0’Ly” + ©*My”)

joRLa —0’L,Ly + joLsR — ©°L,> + @*M’

@’R(L,* + L,Ly - M,%) + jo (L.’Lp + LyLy* — L,M,? — L,M,?)

@*(LaLp +Ly* — Mp,?) — joR(L, +Lp)
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Chapter 13, Problem 33.

ML Determine the input impedance of the air-core transformer circuit of Fig. 13.102.

j1sQ
10Q 20 Q
o—MWW MW
L]
— j12Q j40 Q == —j5Q

Figure 13.102
For Prob. 13.33.

Chapter 13, Solution 33.

Zin = 10+j12 + (15)%(20 +j 40 —j5) = 10 +j12 +225/(20 +j35)

10 + 12 +225(20 — j35)/(400 + 1225)

(12.769 +17.154) ohms
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Chapter 13, Problem 34.

H
ML Find the input impedance of the circuit in Fig. 13.103.
j6Q

Figure 13.103
For Prob. 13.34.

Chapter 13, Solution 34.

Insert a 1-V voltage source at the input as shown below.

j6 Q2
10 A 8Q
[ ] [ ]
_|_
j12Q j10Q j4Q
1<0°V <> I, a 5 I
L 20
I
For loop 1,
1=(1+ jl0)I, — j4l, (1)
For loop 2,
0=8+j4+ j10—j2)I, +j21,—-j6l, ——> O0=—jl,+2+ j3)l, (2)

Solving (1) and (2) leads to 1,=0.019 —j0.1068

Z= Il =1.6154+ j9.077 =9.219479.91°Q

1
Alternatively, an easier way to obtain Z is to replace the transformer with its equivalent
T circuit and use series/parallel impedance combinations. This leads to exactly the same
result.
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Chapter 13, Problem 35.

& »

Y 1
PS ML * Find currents I, I, and I5 in the circuit of Fig. 13.104.

j2Q j12Q
10Q m 30Q 5Q

A A
16 /0°V @MQ

j6Q @ j20Q

j15Q @ = -j4Q

Figure 13.104
For Prob. 13.35.

* An asterisk indicates a challenging problem.

Chapter 13, Solution 35.

For mesh 1,

16 =10+ j4l, + j2I, (1)
For mesh 2, 0=j21,+(30+ j26)I, — j12I, ()
For mesh 3, 0=—j121, +(5+ j1D)l, (3)

We may use MATLAB to solve (1) to (3) and obtain

I, =1.3736 - j0.5385=1.4754/-21.41° A
I, =-0.0547 - j0.0549 =0.0775£—134.85° A
=-0.0268 - j0.0721=0.077£-110.41° A

|3
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Chapter 13, Problem 36.

As done in Fig. 13.32, obtain the relationships between terminal voltages and currents for
each of the ideal transformers in Fig. 13.105.

I, I, I, I
Io! ™ 1:n “ o o > 1:n > o
+ ° + + ° +
Vi H v, Vi H v,
_ ° _ _ ° _
o o) o ‘o)

(@) (b)

I, I, I, I,
o > l:n > o o ™ 1:n * o
+ + + +
Vi H v, Vi H v,
_ ° ° _ _ ° ° _
o o) o ‘o)

© ()

Figure 13.105
For Prob. 13.36.

Chapter 13, Solution 36.

Following the two rules in section 13.5, we obtain the following:

(a) Vo/Vi = —-n, I/I;, = -1/n (n = Vo/V))
(b) Vo/Vy = —n, L/, = -1/n
(© V,o/Vi = n, L/, = 1/n
(d) Vo/Vi = n, L/, = —1/n
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Chapter 13, Problem 37.

A 480/2,400-V rms step-up ideal transformer delivers 50 kW to a resistive load.
Calculate:

(a) the turns ratio

(b) the primary current
(c) the secondary current
Chapter 13, Solution 37.

V, 2400

a) N=-2="""=25
@ V, 480 ~
) S, =1V, =S, =1V, =50000 —— 1, =290 104174
480
) 1, =209 _ 15834
2400

Chapter 13, Problem 38.
A 4-kVA, 2,300/230-V rms transformer has an equivalent impedance of 2210°Q on the

primary side. If the transformer is connected to a load with 0.6 power factor leading,
calculate the input impedance.
Chapter 13, Solution 38.

Zin = Zp+Zyn°, n = vo/v; = 230/2300 = 0.1

va =230V, s = vl

L' = s)/vy = 17.391£-53.13° or I, = 17.391£53.13° A

Zy = v/l = 230£0°/17.391£53.13° = 13.235/-53.13°

Zin = 2210°+1323.5/-53.13°

= 1.97 +j0.3473 +794.1 —j1058.8

Zin = 1.324/-53.05° kohms
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Chapter 13, Problem 39.

A 1,200/240-V rms transformer has impedance 602 —30°Q on the high-voltage side. If
the transformer is connected to a 0.8210°-Q load on the low-voltage side, determine the
primary and secondary currents when the transformer is connected to 1200 V rms.

Chapter 13, Solution 39.
Referred to the high-voltage side,
Zy = (1200/240)*(0.8£10°) = 20.£10°
Zin = 60£-30°+20£10° = 76.4122./-20.31°

I = 1200/Z;, = 1200/76.4122/-20.31° = 15.7£20.31° A

Since S = I]V1 = Isz, 12 = I]V]/Vz

= (1200/240)( 15.7.£20.31°) = 78.5£20.31° A
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Chapter 13, Problem 40.

The primary of an ideal transformer with a turns ratio of 5 is connected to a voltage
source with Thevenin parameters Vr, = 10 cos 2000t V and R, = 100 Q Determine the
average power delivered to a 200-Q load connected across the secondary winding.

Chapter 13, Solution 40.

Consider the circuit as shown below.

Rrp I
AN 15 —

_|._
Vrn § 200 Q

We reflect the 200-Q load to the primary side.

zp=100+%:108
10 L)
=tg T Aos

1 1 2
P==|1,FR =—(—)*(200)=34.3 mW
L1 PR =2 (00) = 43 mw
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Chapter 13, Problem 41.

& »

PS ML Determine I, and I, in the circuit of Fig. 13.106.
L 100 b 20

14/0°V |

Figure 13.106
For Prob. 13.41.

Chapter 13, Solution 41.
We reflect the 2-ohm resistor to the primary side.
Zn=10+2/M%, n=-1/3
Since both I; and I, enter the dotted terminals, Zin= 10+ 18 = 28 ohms

I, = 14£0°28 = 0.5A and I, = Ii/n = 0.5/(-1/3) = =15 A
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Chapter 13, Problem 42.

< 3
PS ML For the circuit in Fig. 13.107, determine the power absorbed by the 2-Q
resistor. Assume the 80 V is an rms value.

50 —J1Q 720
‘ 1:2

[ ] [ ]
80./0° HE 20

Ideal

Figure 13.107
For Prob. 13.42.
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Chapter 13, Solution 42.

We apply mesh analysis to the circuit as shown below.

20 Q

MA___] 1:2
I
+ +
+ Il 12
80 Vi V; 20
For mesh 1,
80=(50—-j2)I,+V, (1)
For mesh 2,
-V, +(2-j20)I,=0 (2)
At the transformer terminals,
V=2V, 3)
I, =2I, 4
From (1) to (4),
(50-j2) 0 I 0]l 80
0 (2-j20) 0 1 |1, 10
0 0 2 —1||Vv,| | o
1 -2 0 0|V, 0

Solving this with MATLAB gives
I, =0.8051—0.0488 = 0.8056 £-3.47".

The power absorbed by the 2-Q) resistor is

P = |L,J’R = (0.8056)*2 = 1.3012 W.
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Chapter 13, Problem 43.
x‘A))

PS ML Obtain V; and V; in the ideal transformer circuit of Fig. 13.108.

1:4
° L]
+ +

2/0° A 10Q Vi3[EV, 120 1/0° A

Figure 13.108
For Prob. 13.43.

Chapter 13, Solution 43.

Transform the two current sources to voltage sources, as shown below.

10 Q 1:4 12Q
M M
() (J
O - Elg
- O
V2 Vn
Using mesh analysis, 20+ 10 +v; = 0
20 = v, + 10L, (1)
12+ 12, —v, = 0 or 12 = v, — 121, )
At the transformer terminal, v, = nv; = 4v, 3)
I, = nl, = 4], (4)

Substituting (3) and (4) into (1) and (2), we get,
20 = vi +401, )
12 = 4v, - 121 (6)

Solving (5) and (6) gives vi = 4.186V andv, = 4v = 16.744 V
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Chapter 13, Problem 44.
*In the ideal transformer circuit of Fig. 13.109, find i;(t) and i,(t).

iy (1) ir(t)

do —( V., cos wt
L]

Figure 13.109
For Prob. 13.44.

* An asterisk indicates a challenging problem.
Chapter 13, Solution 44.
We can apply the superposition theorem. Let 1; = 1, +1;” and 1, = 1" +1,”
where the single prime is due to the DC source and the double prime is due to the
AC source. Since we are looking for the steady-state values of i; and 1,
i]’ = iz’ = 0.

For the AC source, consider the circuit below.

R
1:n
M
[ )
T ElE
@,
> _
2 Vn
vo/vi = -n, DL”/1,” = -1/n
But v, = v, vi = —vy/n or I;” = v,/(Rn)

L” = -I,”/n = —vy/(Rn?)

Hence, 11(t) = (vm/Rn)coswt A, and i(t) = g—vm/(an))costh

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 13, Problem 45.

x‘:))

PS ML For the circuit shown in Fig. 13.110, find the value of the average power
absorbed by the 8-Q resistor.

1
48Q o F
3:1

4 sin (301) V [ 8Q

Figure 13.110
For Prob. 13.45.

Chapter 13, Solution 45.
48 Q

C

j .
Z; =8——L =8-j4, n=1/3
L o8l

Z:Z—L:9ZL =72- 36
n2
4/ -90° 4/ -90°

=0.03193£-73.3°

T 48+72- 36 12528/-16.1°

We now have some choices, we can go ahead and calculate the current in the second loop
and calculate the power delivered to the 8-ohm resistor directly or we can merely say that
the power delivered to the equivalent resistor in the primary side must be the same as the
power delivered to the 8-ohm resistor. Therefore,

2
Pgo = % 72 =0.5098x10 7372 = 36.71 mW

The student is encouraged to calculate the current in the secondary and calculate the
power delivered to the 8-ohm resistor to verify that the above is correct.
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Chapter 13, Problem 46.

pre
«

» H
PS ML (a) Find I, and I, in the circuit of Fig. 13.111 below.
(b) Switch the dot on one of the windings. Find I, and I, again.

L jl6Q 100 1 o J8¢ L
16,/60° V I
[ ]

— 2 —
% (#10&

Figure 13.111
For Prob. 13.46.

Chapter 13, Solution 46.

(a) Reflecting the secondary circuit to the primary, we have the circuit shown below.

—1

O O

Zin = 10+j16 +(1/4)(12—38) = 13 +;14

~16.£60° + Zinl; —5.230° = 0 or I; = (16.£60° + 5.230°)/(13 +14)

Hence, I, = 1.072/5.88° A, and I, = —0.5I; = 0.536£185.88° A

(b) Switching a dot will not effect Z;, but will effect I; and I,.
I} = (16£60°—5230°)/(13 +j14) = 0.625 £25 A

and I, = 0.5, = 0.3125/25° A
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Chapter 13, Problem 47.

<
PS ML Find v(t) for the circuit in Fig. 13.112.

[ ] °
4 cos 3t H 5Q % v(t)

Figure 13.112
For Prob. 13.47.
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Chapter 13, Solution 47.

1 1

1F > N = N =
JoC  J3x1/3

—Jl

Consider the circuit shown below.

| —j
1Q 2 I3
N\ I:4
[ ] )
+ +
420 I Vi V, I, § 50
v(t)
For mesh 1,
3 -2I3+V; =4 (1)
For mesh 2,
5L-V,=0 (2)
For mesh 3,
=21 (2—_])13 -V +V,=0 (3)
At the terminals of the transformer,
V,=nV, =4V, 4
I, =nl, =41, (5)
In matrix form,
(3 0 -2 1 of1,] [4]
5 0 0 -1|1, 0
-2 0 2-j -1 1|Iz|=|0
0 0 0 -4 1|V 0
i -4 0 0 0] Vy] [0
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Solving this using MATLAB yields

A =[3,0,-2,1,0;0,5,0,0,-1;-2,0,(2-1),-1,1;0,0,0,-4,1;1,-4,0,0,0]

U =[4,0,0,0;0]

X = inv(A)*U

>> A =[3,0,-2,1,0;0,5,0,0,-1;-2,0,(2-i),-1,1;0,0,0,-4,1;1,-4,0,0,0]

A =
Columns 1 through 4

3.0000 0 -2.0000 1.0000
0 5.0000 0 0

-2.0000 0 2.0000 - 1.00001 -1.0000
0 0 0 -4.0000

1.0000 -4.0000 0 0

Column 5
0
-1.0000
1.0000

1.0000
0

>> U = [4;0;0;0;0]

U

cocooco sl

>> X = inv(A)*U

X =
1.5774 + 0.2722i1
0.3943 + 0.06811
0.6125 + 0.45091
0.4929 + 0.08511
1.9717 + 0.34031

I, = 0.3943+j0.681 = 0.7869.259.93° but V = 5I, = 3.934./59.93".
v(t) = 3.934cos(3t+59.93°) V

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 13, Problem 48.

P
o

’())

PS ML Find Ix in the ideal transformer circuit of Fig. 13.113.

100,0° V j6Q

Figure 13.113
For Prob. 13.48.
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Chapter 13, Solution 48.

We apply mesh analysis.

+ Vi

C
100400\{ () b - aj

10Q

i 60

100 = (8 — j4)I, — j4l, +V,

0=(10+ j2)I, — j4l, +V,
But

Dopn== — V=2V,

Substituting (3) and (4) into (1) and (2), we obtain

100 = (-4 - j2)I, + 2V,
0=>10+ jHl, 4V,

Solving (1)a and (2)a leads to 1, =-3.5503 +j1.4793

(D
)

3)

4

(Da
(2)a

I, =1,+1,=051,=1.923/157.4° A
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Chapter 13, Problem 49.

& ))

PS ML Find current ix in the ideal transformer circuit shown in Fig. 13.114.

2Q 1:3

12 cos 2t V I 6Q

Figure 13.114
For Prob. 13.49.
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Chapter 13, Solution 49.

=2, N #:—jlo
20 jaC

I, -j10
> 1]
|

2 Q I, 1:3 I

A VNI Bng —

2
+

1
+|e
+ ) H

\¢!
<ey O % - o
- [ ]

Atnode 1,
12-V, V, -V . .
L=l 241, —  12=21,+V,(1+ j0.2)- jO.2V, (1)
2 - j10
At node 2,
V-V, V . .
Lb+1—2=-2 ——> 0=6l,+j0.6V,—(1+j0.6)V, (2)
-jlo 6
At the terminals of the transformer, V, =-3V,, |, = —% I

Substituting these in (1) and (2),
12=-61,+V,(1+j0.8), 0=6l,+V,3+j2.4)
Adding these gives V;=1.829 —1.463 and

V-V, 4,

< —2 =—1_=0.937/51.34°
-J10  —j10

i, =0.937cos(2t +51.34°) A
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Chapter 13, Problem 50.

H
ML Calculate the input impedance for the network in Fig. 13.115.

8Q  j12Q

B 1:5 24Q 4:1 60
o [ ] (]
| | -j10Q
- ST
b O
7.

mn

Figure 13.115
For Prob. 13.50.

Chapter 13, Solution 50.
The value of Zj, is not effected by the location of the dots since n’ is involved.
Zi’ = (6-j10)/(n’)*, n° = 1/4

Zi® = 16(6—j10) = 96 —i160

Zin = 8+j12+(Zi’ +24)n*, n =5
Zin = 8+j12+ (120 —j160)/25 = 8 +j12 + 4.8 — j6.4
Zin = (12.8 + j5.6) ohms
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Chapter 13, Problem 51.

ML Use the concept of reflected impedance to find the input impedance and current I; in
Fig. 13.116.

I —j2Q

Il 1:2
I
[ ]
I

8Q o 360
[ ]
I j18Q
° [ ]

Let Z3 = 36 +j18, where Zs is reflected to the middle circuit.

5Q
AWV

24/0° V

Figure 13.116
For Prob. 13.51.

Chapter 13, Solution 51.

Zy’ = Zi/n® = (12+j2)/4 = 3+]0.5

Zin = 5-j2+7Zr’ = (8—]1.5) ohms

Iy = 24£0°Zm = 24£0°/(8 —j1.5) = 24.0°/8.14£-10.62° = 8.95210.62° A

Chapter 13, Problem 52.

efJd For the circuit in Fig. 13.117, determine the turns ratio n that will cause maximum
average power transfer to the load. Calculate that maximum average power.

40 Q
M

120,£0° V rms l 10Q

Figure 13.117
For Prob. 13.52.

Chapter 13, Solution 52.
For maximum power transfer,
40 = Z;/n* = 10/n* or n® = 10/40 whichyieldsn = 1/2 = 0.5
I = 120/(40 +40) = 3/2
p = 'R = (9/4)x40 = 90 watts.
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Chapter 13, Problem 53.

H
ML Refer to the network in Fig. 13.118.

(a) Find n for maximum power supplied to the 200-Q load.
(b) Determine the power in the 200-Q load if n = 10.

3Q

4/0°A tms 5Q l 200 Q

Figure 13.118
For Prob. 13.53.

Chapter 13, Solution 53.

(a) The Thevenin equivalent to the left of the transformer is shown below.

8Q
ANN\—e

The reflected load impedance is Z;’ = Zi/n* = 200/n°.
For maximum power transfer, 8 = 200/n® produces n = 5.
(b) If n =10, Z> = 200/10 = 2 and I = 20/(8 +2) = 2

p = I’Z’ = (2)%2) = 8 watts.
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Chapter 13, Problem 54.

ed A transformer is used to match an amplifier with an 8- load as shown in Fig.
13.119. The Thevenin equivalent of the amplifier is: Vr, = 10 V, Z1, = 128 Q.

(a) Find the required turns ratio for maximum energy power transfer.
(b) Determine the primary and secondary currents.
(c) Calculate the primary and secondary voltages.

Amplifier
circuit

8Q

Figure 13.119

For Prob. 13.54.

Chapter 13, Solution 54.

(a)

O ~

For maximum power transfer,

(b)
(c)

But

Zm = Zun%, or n* = Zy/Zm = 8/128
n = 0.28
I = V/(Zm + Zi/n®) = 10/(128 + 128) = 39.06 mA
v, = LZy = 156.24x8mV = 125V

v, = nv; therefore vi = vo/n = 4(1.25) = 5V
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Chapter 13, Problem 55.

ML For the circuit in Fig. 13.120, calculate the equivalent resistance.

1:4 20Q 1:3

| | 60 Q

—

Req

Figure 13.120
For Prob. 13.55.

Chapter 13, Solution 55.

We first reflect the 60-Q resistance to the middle circuit.

2, =20+ 2 26,670
3

We now reflect this to the primary side.

7, 2667

z, =“L- = 1.6669 Q
£ 16
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Chapter 13, Problem 56.

P
o

< H
PS ML Find the power absorbed by the 10-Q resistor in the ideal transformer circuit of
Fig. 13.121.

2Q

46/0° V §IOQ
50

Figure 13.121
For Prob. 13.56.
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Chapter 13, Solution 56.

We apply mesh analysis to the circuit as shown below.

2Q 1:2

For mesh 1, 46 = 71, -5, + vy (1)
For mesh 2, v, = 151, - 514 (2)
At the terminals of the transformer,
vy = nvy = 2v, 3)
I = nl, = 2D 4)

Substituting (3) and (4) into (1) and (2),

46 = 9, + v, (5)
\A 2512 (6)
Combining (5) and (6), 46 = 115 or I, = 4

Pio = 0.5L%(10) = 80 watts.
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Chapter 13, Problem 57.

<

PS ML For the ideal transformer circuit of Fig. 13.122 below, find:
(a) I} and I,

(b) V1, Vz, and Vo,

(c) the complex power supplied by the source.

il
+ +
60@Vrmg<ﬁ) v, 3| EW, %129 B3V,

Figure 13.122
For Prob. 13.57.

Chapter 13, Solution 57.

(@)  Zp =33)(12—j6) = j3(12—j6)/(12—j3) = (12 +j54)/17
Reflecting this to the primary side gives
Zin = 2+2Z1/n° = 2+ (3 +j13.5)/17 = 2.3168.£20.04°

Ii = vJZiy, = 60£90°/2.3168.£20.04° = 25.9.£69.96° A(rms)

I, = Ii/n = 12.95469.96° A(rms)

(b)  60290° = 21, +v; or v; = j60 21, = j60 —51.8.£69.96°

vi = 21.06£147.44° V(rms)

vo = nv; = 42.12/147.44° V(rms)

Vo = Vo = 42.12./147.44° V(rms)

(©) S = v, = (60£90°)(25.9/-69.96°) = 1554./20.04° VA

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 13, Problem 58.

& ))

PS ML Determine the average power absorbed by each resistor in the circuit of

Fig. 13.123.
20Q
AW
20Q
1:5
80 cos 4tV : H %IOOQ

Figure 13.123
For Prob. 13.58.
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Chapter 13, Solution 58.

Consider the circuit below.
200

200
M

[
O ' '
= +
[
\/a

1:5

VW

Va
V.
For meshl, 80 = 20I;, — 2015 + v, (1)
For mesh 2, v, = 1001, (2)
For mesh 3, 0 = 40I; — 20I; whichleadsto I; = 2I;3 3)
At the transformer terminals, v, = —nv; = —-5v 4)
I, = —nl, = -5, (5)
From (2) and (4), —5v; = 100I, or v; = —201I, (6)

Substituting (3), (5), and (6) into (1),

4 =1L-L-1;5=1L-0/5)-1/2 = (7/10)];

I, = 40/7, I, = =8/7, I3 = 20/7
pao(the one between 1 and 3) = 0.5(20)(I, — I;)* = 10(20/7)* = 81.63 watts
p2o(at the top of the circuit) = 0.5(20)I5* = 81.63 watts

proo = 0.5(100)I,> = 65.31 watts
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Chapter 13, Problem 59.

< 3
PS ML In the circuit of Fig. 13.124, let vs = 40 cos 1000t. Find the average power
delivered to each resistor.

Figure 13.124
For Prob. 13.59.

Chapter 13, Solution 59.

We apply mesh analysis to the circuit as shown below.

100
NMA 1:4
([ ] [ ]
"E || Ey
Vi \iz
B 200
40 £ 0° I 8 §
22
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For mesh 1,

—40+ 2211 - 12, +V; =0 (1)
For mesh 2,

—121; + 321, -V, =0 (2)
At the transformer terminals,

—4Vi+ V=0 (3)

I] — 412 = 0 (4)

Putting (1), (2), (3), and (4) in matrix form, we obtain
22 —-12 1 0 40

-12 32 0 -1 0

0O 0 -4 1 0
1 -4 0 O 0

>> A=[22,-12,1,0;-12,32,0,-1;0,0,-4,1;1,-4,0,0]
A:

22 -12 1 0
-12 32 0 -1
0 0 4 1
1 4 0 O
>>U=[40;0;0;0]
U:

40

0

0

0
>> X=inv(A)*U
X:

2.2222

0.5556
-2.2222
-8.8889

For 10-Q) resistor,
Pio =[(2.222)%/2]10 = 24.69 W

For 12-Q resistor,
P1, = [(2.222-0.5556)*/2]12 = 16.661 W

For 20-Q) resistor,
P20 = [(0.5556)*/2]20 = 3.087 W.
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Chapter 13, Problem 60.
x‘A))

PS ML Refer to the circuit in Fig. 13.125 on the following page.

(a) Find currents I, I, and Is.
(b) Find the power dissipated in the 40- Q) resistor.

I, 5Q
—_— 1
° °

L 49 I;
— 2 —
1:4
° °
1zoﬁv(# %% %OQ %% %409

Figure 13.125
For Prob. 13.60.

Chapter 13, Solution 60.
(a) Transferring the 40-ohm load to the middle circuit,
Z.’ = 40/(n’)* = 10 ohms where n’ = 2
10}|(5 + 10) = 6 ohms
We transfer this to the primary side.
Zin = 4+6/n° = 4+ 96 = 100 ohms, where n = 0.25

I;=120/100 = 1.2A and I, = Ii/n = 4.8 A

40 , 50

Using current division, I, = (10/25)[, = 1.92 and 5 = I,’/n” = 0.96 A

(b) p = 0.5(I5)%(40) = 18.432 watts
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Chapter 13, Problem 61.

x‘:))

PS ML * For the circuit in Fig. 13.126, find I}, I, and V,.
L 20 14Q 2

I
—

— 1:5 3:4
° + °
24/0°V |EV, 6a l 160 Q
._ °

Figure 13.126
For Prob. 13.61.

* An asterisk indicates a challenging problem.

Chapter 13, Solution 61.

We reflect the 160-ohm load to the middle circuit.

7r = ZL/n2 = 160/(4/3)2 = 90 ohms, where n = 4/3
20 1:5 14 Q
ANMA—> A%

o CElE = =

\

\ 4

14+ 60]90 = 14 +36 = 50 ohms
We reflect this to the primary side.
78’ = ZL’/(n’)2 = 50/5*> = 2 ohms when n’ = 5
I, = 24/(2+2) = 6A
24 =21 +vy or vy =24-2I,= 12V
Vo =-nv; = =60V, I, = -I;/ny = -6/5=-12
I, = [60/(60 + 90)]I, = —0.48A

L = -I,/n = 0.48/(4/3) = 0.36 A
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Chapter 13, Problem 62.

<
PS ML For the network in Fig. 13.127, find

(a) the complex power supplied by the source,
(b) the average power delivered to the 18- resistor.

. -j20Q
j4Q 6@ o 8O J 3

40,0° v | IE

Figure 13.127
For Prob. 13.62.

Chapter 13, Solution 62.
(a) Reflect the load to the middle circuit.
Zy = 8—j20+ (18 +j45)/3* = 10—j15
We now reflect this to the primary circuit so that

Zin = 6+j4+(10-j15)n* = 7.6 +j1.6 = 7.767£11.89°, where n =
52 =25

I, = 40/Z;, = 40/7.767£11.89° = 5.15/-11.89°

S = 0.5v[;" = (20£0°)(5.15211.89°) = 103£11.89° VA

(b) I, = —Il/n, n =25
13 = —Iz/n’, n=3
I; = Ii/(nn’) = 5.15£-11.89°/(2.5x3) = 0.6867.£-11.89°

p = 0.5[LA(18) = 9(0.6867)* = 4.244 watts
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Chapter 13, Problem 63.

H
ML Find the mesh currents in the circuit of Fig. 13.128
10 L, 0% 70

|

2 13 09
12@\/(# @ %% @ %% @ %leQ

Figure 13.128
For Prob. 13.63.

Chapter 13, Solution 63.
Reflecting the (9 + j18)-ohm load to the middle circuit gives,
Zi = 7-j6+ (9 +jl18)/(n’)> = 7—j6+1+j2 = 8—j4 whenn’ = 3

Reflecting this to the primary side,

Zin = 1+Zym* = 14+2—j =3—j, where n = 2

I, = 12£0°/(3 —j)) = 12/3.162£-18.43° = 3.795/18.43A

I, = Ii/n = 1.8975/18.43° A

I; = —I/n’> = 632.5/161.57° mA
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Chapter 13, Problem 64.

x“:))
PS ML For the circuit in Fig. 13.129, find the turns ratio so that the maximum power is
delivered to the 30-k Q resistor.

8 kQ

12/0° v I 30 kQ

Figure 13.129
For Prob. 13.64.

Chapter 13, Solution 64.

The Thevenin equivalent to the left of the transformer is shown below.

8 kQ
/NN

24 £0°V

The reflected load impedance is

. Z 30k
2 :n_zL: n>

For maximum power transfer,
8kQ=3Ok2Q > n°=30/8=3.75
n

n =1.9365
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Chapter 13, Problem 65.
«“‘))

PS ML * Calculate the average power dissipated by the 20-Q resistor in Fig. 13.130.

10 Q 50Q

1:2 1:3
200V y °
s | | 200
o

Figure 13.130
For Prob. 13.65.

* An asterisk indicates a challenging problem.
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Chapter 13, Solution 65.

40Q

+
+

8]

< 200V V4
(rms) A\ \%

Atnode 1,

20?(;\/1 :V14_0V4 +1, ——  200=125V, -0.25V, +10I,
At node 2,

%:Z—Fg —— V=3V, +401,

At the terminals of the first transformer,

Vv

2=-2 — V,=-2V,

Vl

I

|—2:—1/2 — 1, =-2l,
For the middle loop,

-V, +501, +V; =0 — V, =V, =501,
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At the terminals of the second transformer,

Vig V, =3V, (6)
V3
:—3=—1/3 — 1, =-3I, (7
2

We have seven equations and seven unknowns. Combining (1) and (2) leads to

200=3.5v, +101, +501,
But from (4) and (7), |, =-21, =-2(-31;) =61,. Hence

200=3.5v, +1101, ()
From (5), (6), (3), and (7),

V, =3V, =501,) =3V, -1501, = -6V, + 4501,
Substituting for V; in (2) gives

V, =—6(3V, +401,)+4501, —— g:%w 9)

Substituting (9) into (8) yields
200=13.452v, —— V,=14.87

V2,

P =11.05W
0

Chapter 13, Problem 66.
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An ideal autotransformer with a 1:4 step-up turns ratio has its secondary connected to a
120-Q load and the primary to a 420-V source. Determine the primary current.

Chapter 13, Solution 66.

vi =420V (1)
vy = 1201, (2)
vi/vy = 1/4 orvy, = 4v, 3)
L/, =4o0r], =410 4)

Combining (2) and (4),
v, = 120[(1/4)I;] = 30 I;
4V1 = 3011

4(420) = 1680 = 301, or I, = 56

Chapter 13, Problem 67.

An autotransformer with a 40 percent tap is supplied by a 400-V, 60-Hz source and is
used for step-down operation. A 5-kVA load operating at unity power factor is connected
to the secondary terminals. Find:

(a) the secondary voltage
(b) the secondary current
(c) the primary current

Chapter 13, Solution 67.

M _Ni+Np 1

(2) sV, =04V] = 0.4x400 = 160 V
V, N, 04

() Sy =1,V,=5000 — I, :%:31.251&

(C) SZ :Sl :IIVI =5,000 e Il :540—(?(;):125A
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Chapter 13, Problem 68.

e
ML In the ideal autotransformer of Fig. 13.131, calculate I, I, and I, Find the average
power delivered to the load.

200 turns
2-j6Q 1,
—_—

D 10 +,j40 Q

[ ]
80 turns
20,/30° V rms

Figure 13.131
For Prob. 13.68.
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Chapter 13, Solution 68.

This is a step-up transformer.

O

For the primary circuit, 20£30° = 2—-36)I; + v, (1)
For the secondary circuit, v, = (10 +j40)I, (2)

At the autotransformer terminals,

vi/va = Ni/(N; +Ny) = 200/280 = 5/7,
thus v, = 7vi/5 3)

Also, Ii/I, = 7/5 or I, = 51,/7 4)

Substituting (3) and (4) into (2), vi = (10 +j40)251,/49

Substituting that into (1) gives 20£30° = (7.102 +j14.408)1,

I = 20£30°/16.063£63.76° = 1.245/-33.76° A

I, = 5I,/7 = 0.8893/-33.76° A

L =L-L = [(57)-1]I; = 21,/7 = 0.3557./146.2° A

p = |L’R = (0.8893)%(10) = 7.51 watts
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Chapter 13, Problem 69.

ed * In the circuit of Fig. 13.132, Z, is adjusted until maximum average power is
delivered to Z, . Find Z, and the maximum average power transferred to it. Take N; = 600
turns and N, = 200 turns.

Nl
75Q j125Q

°
1
| S|
N
=

120/0° V rms

Figure 13.132
For Prob. 13.69.

* An asterisk indicates a challenging problem.

Chapter 13, Solution 69.

We can find the Thevenin equivalent.

\ 4

75 Q 125 Q
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As a step up transformer, vi/va = Ni/(N; +Nz) = 600/800 = 3/4
Vo = 4vi/3 = 4(120)/3 = 160£0° rms = V.

To find Zr,, connect a 1-V source at the secondary terminals. We now have a
step-down transformer.

A

75 Q 125 Q

vi = 1V, va =I(75 +j125)
But vi/va = (N; + Ny)/N; = 800/200 which leadsto vi = 4v, = 1
and vo = 0.25
I;/I, = 200/800 = 1/4 which leads to I, = 4I;
Hence 0.25 = 41;(75 +j125) or I} = 1/[16(75+j125)
Zm = U1} = 16(75 +j125)
Therefore, Z; = ZTh* = (1.2 —j2) kQ

Since Vryis rms, p = ([Vl/2)*/RL = (80)*/1200 = 5.333 watts
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Chapter 13, Problem 70.

ML In the ideal transformer circuit shown in Fig. 13.133, determine the average power
delivered to the load.

30+12Q

1000 turns
120/0° V rms @)

200 turns 20 —j40 Q

Figure 13.133
For Prob. 13.70.
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Chapter 13, Solution 70.

This is a step-down transformer.

+
O L
- +
Vi
Vo
I/, = No/(N; + Ny) = 200/1200 = 1/6, or I} = 1,/6 (1)
vi/va = (N2 + Ny)/N, = 6, or vi = 6V, (2)
For the primary loop, 120 = (30 +j12)I; + vy 3)
For the secondary loop, vy, = (20 —340)1; (4)

Substituting (1) and (2) into (3),
120 = (30 +j12)( I,/6) + 6v,
and substituting (4) into this yields
120 = (49 -j38)l, or I, = 1.935£37.79°

p = |L*(20) = 74.9 watts.
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Chapter 13, Problem 71.

In the autotransformer circuit in Fig. 13.134, show that

2
Z, :(1+mj 7,
N2

Figure 13.134
For Prob. 13.71.

Chapter 13, Solution 71.

Zin = V]/Il
But Vili = Valp, or V, = [Z;p and I1/I; = No/(N; + N»)
Hence V1 = VzIz/Il = ZL(Iz/h)Iz = ZL(IQ/I])zll

V]/h = ZL[(NI + N2)/N2] ?

Zin = [1+ (NJ/N)|*Zy
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Chapter 13, Problem 72.

ed In order to meet an emergency, three single-phase transformers with 12,470/7,200
V rms are connected in A-Y to form a three-phase transformer which is fed by a 12,470-
V transmission line. If the transformer supplies 60 MVA to a load, find:

(a) the turns ratio for each transformer,
(b) the currents in the primary and secondary windings of the transformer,
(c) the incoming and outgoing transmission line currents.

Chapter 13, Solution 72.

(a) Consider just one phase at a time.

A
R 20MVA
Load
b
C

n = Vu/v/3V,, =7200/(12470y3) = 1/3

(b) The load carried by each transformer is 60/3 = 20 MVA.
Hence I, = 20MVA/12.47k = 1604 A
Is = 20MVA/7.2k = 2778 A
(©) The current in incoming line a, b, ¢ is

V31, =+/3x1603.85 = 2778 A

Current in each outgoing line A, B, C is
2778/(n/3) = 4812 A
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Chapter 13, Problem 73.

ML Figure 13.135 on the following page shows a three-phase transformer that supplies a
Y-connected load.

(a) Identify the transformer connection.
(b) Calculate currents I, and 1.
(c) Find the average power absorbed by the load.

I, I

3:1 a

450/0° V o= s H =
2

450 /=120° V o——— é I

O
5. IE
450/120° V © .
IC
? 8Q 8Q 8Q

W

—j6Q == -j6Q —j6Q

I

_{

Figure 13.135
For Prob. 13.73.

Chapter 13, Solution 73.

(a) This is a three-phase A-Y transformer.

(b) Vi = nviy/+/3 = 450/(3+/3) = 86.6 V, where n = 1/3
As a Y-Y system, we can use per phase equivalent circuit.

la

ValZy = 86.620%(8 —i6) = 8.66..36.87°

I. = [L£120° = 8.66£156.87° A

ILi, = n+/3 I,

I

(1/3)4/3 (8.66.£36.87°) = 5./36.87°
L = ,/-120° = 5/-83.13° A

() p = 3LA8) = 3(8.66)(8) = 1.8 kw.
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Chapter 13, Problem 74.

Consider the three-phase transformer shown in Fig. 13.136. The primary is fed by a
three-phase source with line voltage of 2.4 kV rms, while the secondary supplies a three-
phase 120-kW balanced load at pf of 0.8. Determine:

(a) the type of transformer connections,

(b) the values of I, s and Ips,

(c) the values of I p and Ipp,

(d) the kVA rating of each phase of the transformer.

2.4kV
A
Lp * Ipg
Yy 3 4:1 —_—
—

Ipp

Y oY VLS

Load
120 kW pf = 0.8

\

Figure 13.136
For Prob. 13.74.
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Chapter 13, Solution 74.

(a) This is a A-A connection.

(b) The easy way is to consider just one phase.
lin = 4:1 orn = 1/4
n = V,/V; which leads to V, = nV; = 0.25(2400) = 600
re. Vi, = 2400V and Vi, = 600V
S = p/cosb = 120/0.8 kVA = 150 kVA

pL = p/3 = 120/3 = 40 kw

But  prs = Vpslps
For the A-load, I = \/g [, and VL =V,
Hence, I,s = 40,000/600 = 66.67 A
I = VBl = /3x66.67 = 11548 A
(c) Similarly, for the primary side

Pop = Voplop = Pps 0 Iy = 40,000/2400 = 16.667 A

and I, = 31, = 28.87 A

(d) Since S = 150kVA therefore S, = S/3 = 50 kVA
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Chapter 13, Problem 75.

A balanced three-phase transformer bank with the A-Y connection depicted in
Fig. 13.137 is used to step down line voltages from 4,500 V rms to 900 V rms. If the
transformer feeds a 120-kV A load, find:

(a) the turns ratio for the transformer,
(b) the line currents at the primary and secondary sides.

1:n
4500 V 900 V 42 kVA
Three-phase
load
o

Figure 13.137
For Prob. 13.75.

Chapter 13, Solution 75.
(a) n = ViJ/(V3 Vi) = 900/(4500+/3 ) = 0.11547
(b) S = 43 Vi, or Iy = 120,000/(900+/3) = 76.98 A

I = Iy/(n+/3) = 76.98/(2.887+/3) = 15.395 A
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Chapter 13, Problem 76.

A Y- A three-phase transformer is connected to a 60-kVA load with 0.85 power factor
(leading) through a feeder whose impedance is 0.05 +j0.1 Q per phase, as shown in
Fig. 13.138. Find the magnitude of:

(a) the line current at the load,
(b) the line voltage at the secondary side of the transformer,
(c) the line current at the primary side of the transformer.

005Q j0.1Q
Lin a1
Balanced
240V | | Joad
005Q j0.1Q
2640 V E alh 60 KVA
0.85 pf
0.05Q  j0.1Q leading
11A
Figure 13.138

For Prob. 13.76.
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Chapter 13, Solution 76.

(a) Attheload, VL = 240V = Va3
Van = Vi/A3 = 13856V

Since S = /3 VI then I = 60,000/(240+/3) = 144.34 A

0.05Q j0.1Q A
' MA—0060"
0.05Q j0.1Q I Balanced
600N Load
R 60kVA
0.85pf
- 0.05Q j0.1Q leading

¢ NA—0000"

(b) Let Van = [Van|Z0° = 138.56£0°
cos® = pf = 0.85 or 6 = 31.79°
IAA’ = ILZG = 144.34/31.79°

Van = Zlaa +Van

138.56.£0° + (0.05 + j0.1)(144.34./31.79°)

138.03.£6.69°
Vis = Van 43 = 137843 = 2387V
(©) For Y-A connections,

n = 3 VL/Vy = +/3x238.7/2640 = 0.1569

fi, = nl/+/3 = 0.1569x144.34/+/3 = 13.05 A
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Chapter 13, Problem 77.

ed The three-phase system of a town distributes power with a line voltage of 13.2 kV.
A pole transformer connected to single wire and ground steps down the high-voltage wire
to 120 V rms and serves a house as shown in Fig. 13.139.

(a) Calculate the turns ratio of the pole transformer to get 120 V.
(b) Determine how much current a 100-W lamp connected to the 120-V hot line draws
from the high-voltage line.

(13.2kV %HE 120 V

% ' %

Figure 13.139
For Prob. 13.77.

Chapter 13, Solution 77.

(a) This is a single phase transformer. V; = 13.2kV, V, = 120V
n = V,o/V; = 120/13,200 = 1/110, therefore n = 1/110
or 110 turns on the primary to every turn on the secondary.

(b) P =VIorl=P/V=100120 = 0.8333 A

I} = nl, = 0.8333/110 = 7.576 mA
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Chapter 13, Problem 78.

(“:))
PS Use PSpice to determine the mesh currents in the circuit of Fig. 13.140. Take
o =1 rad/s.

200
[ ) [ ]
j80Q 760 ©
100/-30° V @ @ 50Q
400

Figure 13.140
For Prob. 13.78.
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Chapter 13, Solution 78.
We convert the reactances to their inductive values.

X=owL —— L:é
w

The schematic is as shown below.

R e .
VI R apmge

Cacmyes . =P om0 =P MAGeyes
MAG=yes . | PHASE=yes
- PHASE=yes |
I
ACPHASE=-30 @ R
7 R3 §5n :

ACMAG=100Y -

When the circuit is simulated, the output file contains

FREQ  IM(V_PRINTI)IP(V PRINTI)
1.592E-01 9.971E-01 -9.161E+01
FREQ  IM(V_PRINT2)IP(V_PRINT?)

1.592E-01 3.687E-01 -1.253E+02

From this, we obtain

1, =997.1£-91.61° mA, I, =368.7£-135.3° mA.
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Chapter 13, Problem 79.

Use PSpice to find I}, I, and I5 in the circuit of Fig. 13.141.

7100 Q 80 Q

L AV
j150Q j100
nt
j50Q 40Q 200
A
[ ]
AT
[ ]
joQ
60,/0° V Ct) % j80Q C: 20,/90° V

Figure 13.141
For Prob. 13.79.
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Chapter 13, Solution 79.
The schematic is shown below.
ki = 15/4/5000 = 0.2121, k, = 10/+/8000 = 0.1118

In the AC Sweep box, we type Total Pts = 1, Start Freq = 0.1592, and End Freq =
0.1592. After the circuit is saved and simulated, the output includes

FREQ IM(V_PRINT1) IP(V_PRINTI)
1.592 E-01  4.068 E-01 ~7.786 E+01
FREQ IM(V_PRINT2) IP(V_PRINT?)
1.592 E-01  1.306 E+00 ~6.801 E+01
FREQ IM(V_PRINT3) IP(V_PRINT3)
1.592 E-01  1.336 E+00 ~5.492 E+01

Thus, I = 1.306£-68.01° A, I, = 406.84-77.86° mA, I3 = 1.336/-54.92° A

IPRINT
AC=yes
MAG=yes = L R1 K K1
PHASE=yes "Wy K_Linear
100H 80 COUPLING=0.2121
L1=L1
L 2=12
L2 R2 C1
PRINT ¢V AW — | IPRINT
; 50H 40 0.05
ngéies Wﬂl L3 IEIIII MAG=yes
=yes Vi FHASE=yes K] K2
e e K_Linear
ACMAG=60 50H ACMAG=20V COET%G:O'WS
ACPHASE=0 \—E\i ‘ ACPHASE=90 L2=L3
Tu =~
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Chapter 13, Problem 80.

Rework Prob. 13.22 using PSpice.

Chapter 13, Solution 80.
The schematic is shown below.

ki = 10/4/40x80 = 0.1768, k, = 20/4/40x60 = 0.482

ks = 30/4/80x60 = 0.433

In the AC Sweep box, we set Total Pts = 1, Start Freq = 0.1592, and End Freq =
0.1592. After the simulation, we obtain the output file which includes

FREQ IM(V_PRINTI)  IP(V_PRINTI)
1.592 E-01 1.304 E+00 6.292 E+01
i.e. I, = 1.304£62.92° A
IPRINT
Kl K1
MAG=yes }
1 € ’éé KL
| PHASE=ves COUPLING=0.1768
L2=2
L1 60H
o VT TV T - I
acmac=soy L. *° L3 Lfear
ACPHASE=0 9 Vi L5 € soH - COUPLING=0.4082
100 L1=L1
R2 1 ? L2=L3
_/\vf\v(\v -
Tu é[]
Ka
k_Linear
COUPLING=0433
L1=L2
L2=13
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Chapter 13, Problem 81.

Use PSpice to find I}, I,, and I5 in the circuit of Fig. 13.142.

2H
L 700 SOMF(\VLL 100 Q

—

3H
120£0° V /¥
8H
f=100 _)
60 uF

Figure 13.142
For Prob. 13.81.
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Chapter 13, Solution 81.
The schematic is shown below.
ki = 2/44x8 = 0.3535, k, = 1/4/2x8 = 0.25

In the AC Sweep box, we let Total Pts = 1, Start Freq = 100, and End Freq = 100.
After simulation, the output file includes

FREQ IM(V_PRINT1) IP(V_PRINTI)
1.000 E+02  1.0448 E-01 1.396 E+01
FREQ IM(V_PRINT?) IP(V_PRINT?)
1.000 E+02  2.954 E-02 ~1.438 E+02
FREQ IM(V_PRINT3) IP(V_PRINT3)
1.000 E+02  2.088 E-01 2.440 E+01

Le. I = 104.5213.96° mA, I, = 29.54/-143.8° mA,

I; = 208.8424.4° mA.

7] Ki
k._Linear,
CcoUPLINGED 3535
IPRINT D11 IPRINT
%\?\k—{m L2=L5 R2
|_
70 50 L4
ACMAG=120V @ aH - L1
ACPHASE=D ™
A e
200
a1k L3

C2
B0 = IPRINT

- I -
~0 7
K] K2
k._Linear
COUPLING=1
L1=L1
L2=L23

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 13, Problem 82.

Use PSpice to find Vi, V,, and I, in the circuit of Fig. 13.143.

16 Q 8 Q
T

tr,

—j12Q 200

g 40
2 g |
[ ] [ ]
+ +
40,/60° V @) v, 3 EV, 30,0° V

Figure 13.143
For Prob. 13.82.
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Chapter 13, Solution 82.

The schematic is shown below. In the AC Sweep box, we type Total Pts = 1,
Start Freq = 0.1592, and End Freq = 0.1592. After simulation, we obtain the output

file which includes

FREQ IM(V_PRINT1) IP(V_PRINT1)
1.592 E-01  1.955 E+01 8.332 E+01
FREQ IM(V_PRINT2) IP(V_PRINT2)
1.592 E-01  6.847 E+01 4.640 E+01
FREQ IM(V_PRINT3) IP(V_PRINT3)
1.592 E-01  4.434 E-01 -9.260 E+01

1.e. V), = 19.55/83.32°V, V, = 68.47/464°V,

I, = 443.4/4-92.6° mA.

R2 L1 IPRINT
AMN, YT Y
16 8H
R C1 é’d é’»’ 2
A 1 TAL e | }—e—ApA—e
0 008333 20 ACMAG=30V

Y2
COUPLING=0 999 @ ACPHASE=0
(1 TURNS=200000

ACMAG=40V  Tyq 2 25 ‘
L2_TURNS=200000

ACPHASE=60 @

kbreak

%
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Chapter 13, Problem 83.

Find I and Vy in the circuit of Fig. 13.144 using PSpice.

2V,

IX

1:2 —»

IE

j10Q

]
I

1Q 6Q

au =

6/0° V 3Q

Figure 13.144
For Prob. 13.83.

Chapter 13, Solution 83.

The schematic is shown below. In the AC
= 0.1592, and End Freq = 0.1592. After

Sweep box, we set Total Pts
simulation, the output file includes

FREQ IM(V_PRINTI)  IP(V_PRINTI)
1.592 E-01  1.080 E+00 3.391 E+01
FREQ VM(SN_0001) VP(SN_0001)
1.592 E-01 1.514 E+01 -3.421 E+01
i.e. ix = 1.08£33.91° A, V, = 15.14/-34.21° V.
_ . IPRINT MaG=0k
MAG=0k 5 PHASE=0k
R1PHASEZOkE=F' C2 2 GAN=2  kbreak 0
| Ay
ACMAG=BY vyl 0.1 B @ 4
ACPHASE=( s Lhy Elk_E
H Do
‘J? KBreak L * lT}{2| * t
0 coupLNG=0839 0 COUPLING=0888 0
L1_TURNS=100000 L1_TURNS=200000
L2~ TURNS=200000 L2 TURNS=100000

1, Start Freq
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Chapter 13, Problem 84.

Determine I, I, and I in the ideal transformer circuit of Fig. 13.145 using PSpice.

soQ jsoQ i s L
[ ]
H %40(2
° —j30Q
o020V () A
H e L 60 Q
° j50Q

Figure 13.145
For Prob. 13.84.
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Chapter 13, Solution 84.

The schematic is shown below. we set Total Pts = 1, Start Freq = 0.1592, and End
Freq = 0.1592. After simulation, the output file includes

FREQ IM(V_PRINT1) IP(V_PRINTI)
1.592 E-01  4.028 E+00 ~5.238 E+01
FREQ IM(V_PRINT?) IP(V_PRINT?)
1.592 E-01  2.019 E+00 ~5.211 E+01
FREQ IM(V_PRINT3) IP(V_PRINT3)
1.592 E-01  1.338 E+00 ~5.220 E+01

Le. I = 4.0284-52.38° A, I, = 2.019/4-52.11° A,

I; = 1.3384-52.2° A.

L1_TURNS=100000
IPRINT |5 TuRNS=200000 IFRINT
=] T = =]
» ¥ COUPLIN%F.QBB - o1 29
AR YT . A, I
&0 50H Al=ok 40 0.0333
hAG=0k
PHASE=nk
1%
ACMAG=440Y @ reak © TPRI]
ACPHASE=0
T =¥ R3
B0 L2
50H
o |
J7 kbreak
i COUPLING=0.999
L1_TURNS=100000
L7 TURNS=300000
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Chapter 13, Problem 85.

A stereo amplifier circuit with an output impedance of 7.2 kQ is to be matched to a
speaker with an input impedance of 8 Q by a transformer whose primary side has 3,000
turns. Calculate the number of turns required on the secondary side.

Chapter 13, Solution 85.

=

For maximum power transfer,
Z) = Zyn® or n* = Zi/Z, = 8/7200 = 1/900

n = 1/30 = Ny/N;. Thus N, = N;/30 = 3000/30 = 100 turns.

Chapter 13, Problem 86.

A transformer having 2,400 turns on the primary and 48 turns on the secondary is used as
an impedance-matching device. What is the reflected value of a 3-Q load connected to
the secondary?

Chapter 13, Solution 86.
n = No/N; = 48/2400 = 1/50

Zm = Zyn* = 3/(1/50)* = 1.5 kQ
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Chapter 13, Problem 87.

ed A radio receiver has an input resistance of 3002 . When it is connected directly to
an antenna system with a characteristic impedance of 75 €2, an impedance mismatch
occurs. By inserting an impedance-matching transformer ahead of the receiver, maximum
power can be realized. Calculate the required turns ratio.

Chapter 13, Solution 87.

Zm =Zyn’ or n = \JZ,/Z, =+75/300 = 0.5

Chapter 13, Problem 88.

A step-down power transformer with a turns ratio of n = 0.1 supplies 12.6 V rms to a

resistive load. If the primary current is 2.5 A rms, how much power is delivered to the
load?

Chapter 13, Solution 88.

n = Vz/V] = I]/Iz or 12 = 11/1’1 = 2.5/01 =25A

p = IV = 25x12.6 = 315 watts

Chapter 13, Problem 89.

A 240/120-V rms power transformer is rated at 10 kVA. Determine the turns ratio, the
primary current, and the secondary current.
Chapter 13, Solution 89.

n = Vo/Vy = 120/240 = 0.5

S 10x10°/240 = 41.67 A

I]V1 or Il

S/Vi

S =LV, orl, = S/V, = 10%120 = 83.33 A
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Chapter 13, Problem 90.
A 4-kVA, 2,400/240-V rms transformer has 250 turns on the primary side. Calculate:

(a) the turns ratio,
(b) the number of turns on the secondary side,
(c) the primary and secondary currents.

Chapter 13, Solution 90.

(a) n = V,/V, = 240/2400 = 0.1
(b) n = No/N; or N = nN; = 0.1(250) = 25 turns
(c) S =1V, orl; = S/V| = 4x10°/2400 = 1.6667 A

4x10%/240 = 16.667 A

S Isz or Iz = S/Vz

Chapter 13, Problem 91.
A 25,000/240-V rms distribution transformer has a primary current rating of 75 A.

(a) Find the transformer kVA rating.
(b) Calculate the secondary current.

Chapter 13, Solution 91.
(a) The kVA ratingis S = VI = 25,000x75 = 1875 kVA

(b) Since S; = S, = V,I, and I, = 1875x10%/240 = 7812 A

Chapter 13, Problem 92.

A 4,800-V rms transmission line feeds a distribution transformer with 1,200 turns on the
primary and 28 turns on the secondary. When a 10- Q) load is connected across the
secondary, find:

(a) the secondary voltage,
(b) the primary and secondary currents,
(c) the power supplied to the load.

Chapter 13, Solution 92.
(a) Vz/Vl :N2/N1 = n, Vz :(Nz/Nl)Vl = (28/1200)4800 =112V

(b) I, = Vo/R = 112/10 = 11.2 A and I; = nl,, n = 28/1200

I = (28/1200)11.2 = 261.3 mA

() p=|LR = (11.2)X10) = 1254 watts.
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Chapter 13, Problem 93.

A four-winding transformer (Fig. 13.146) is often used in equipment (e.g., PCs, VCRs)
that may be operated from either 110 V or 220 V. This makes the equipment suitable for
both domestic and foreign use. Show which connections are necessary to provide:

(a) an output of 14 V with an input of 110 V,
(b) an output of 50 V with an input of 220 V.

ao
IIOVI
b o

O e
132\/
of

EllE
IIOVI;Z .% E' :illsv

Figure 13.146
For Prob. 13.93.
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Chapter 13, Solution 93.

(a) For an input of 110 V, the primary winding must be connected in parallel, with
series aiding on the secondary. The coils must be series opposing to give 14 V. Thus,
the connections are shown below.

110V

—
flg

(b) To get 220 V on the primary side, the coils are connected in series, with series
aiding on the secondary side. The coils must be connected series aiding to give 50 V.
Thus, the connections are shown below.

S0 vV

[ ] [ ]
A
220V
[ ]
[ ]
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Chapter 13, Problem 94.

* A 440/110-V ideal transformer can be connected to become a 550/440-V ideal
autotransformer. There are four possible connections, two of which are wrong. Find the
output voltage of:

(a) a wrong connection,
(b) the right connection.

* An asterisk indicates a challenging problem.

Chapter 13, Solution 94.
Vo/Vy = 110/440 = 1/4 = I)/1,

There are four ways of hooking up the transformer as an auto-transformer. However it is
clear that there are only two outcomes.

V1 V1 ° V1 Vl °
V, V, V, A\
1) (2) 3) C))

(1) and (2) produce the same results and (3) and (4) also produce the same results.
Therefore, we will only consider Figure (1) and (3).

(a)  For Figure (3), V1/Va = 550/V, = (440 — 110)/440 = 330/440

Thus, V, = 550x440/330 = 733.4 V (not the desired result)

(b)  For Figure (1), V1/Va = 550/V, = (440 + 110)/440 = 550/440

Thus, V, = 550x440/550 = 440 V (the desired result)
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Chapter 13, Problem 95.

Ten bulbs in parallel are supplied by a 7,200/120-V transformer as shown in Fig. 13.147,
where the bulbs are modeled by the 144-Q resistors. Find:

(a) the turns ratio n,
(b) the current through the primary winding.

l:n
o

7200V || E 120V 2144Q ¢ o ¢ 2 1440Q

O

Figure 13.147
For Prob. 13.95.

Chapter 13, Solution 95.
(a) n = V¢V, = 120/7200 = 1/60
(b) I, = 10x120/144 = 1200/144
S = VI, = Vi

I, = VJ/V, = (1/60)x1200/144 = 139 mA
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